ABSTRACT The effect of different soapstocks (corn, sunflower, canola, and soybean) on productive performance and skin broiler pigmentation was investigated. Soapstock was added to reach 1.0% polyunsaturated fatty acids in the diet. The addition of soybean soapstock significantly improved live body weight gain of the birds from 1 to 7 wk of age. A live body weight gain of 1,736 g/bird was calculated for broilers fed with the soybean soapstock diet. Feed conversion was significantly higher for broilers fed with the soybean soapstock diet, and no negative effect was observed. Compared to broilers fed (Key words: broiler skin pigmentation, acidified soapstock, objective color)
INTRODUCTION
The pigmentation of broiler skin has long been recognized as a critical quality attribute. The demand by consumers for color in poultry carcasses remains strong in different regions of Mexico, where consumers prefer yellow-skinned broilers, because a bright yellow or yelloworange pigmentation is often associated with health (Mejia and Gonzalez, 1988) . For foods such as broilers, the optimum color has often been a function of traditional preferences based on regional variations in chicken breeds and available feed sources (Fletcher, 1992) . The presence of yellow natural pigment in the diet represents 2 to 4% of the feeding cost. Among the ingredients used in poultry diets, fats and oils are the most concentrated sources of energy (Blanch et al., 1996) . They in turn, can add energy to the ration, be substituted for part of the cereal, and improve the energy contribution in diets containing cereal by-products. These advantages are especially significant in the tropics where birds are exposed to caloric stress (Lon-Wo and Rodriguez, 1986) .
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with Pixtafil (100.0% pigmentation), those fed soybean soapstock (when added as a supplement of 1.0% polyunsaturated fatty acids in the diet) reached 48.0% pigmentation, and those fed corn soapstock reached only 7.3%. When the diets were complemented with Pixtafil to reach 100% of calculated pigmentation, the soybean soapstock diet reached 100.8% pigmentation compared to a canola soapstock diet that reached 72.0% pigmentation. Acidified soybean soapstock could be a source of polyunsaturated fatty acids and of xantophyl pigments in broiler feeding.
In Mexico, corn is mostly used for human consumption, and, therefore, sorghum and barley are used in feeding broiler diets. Due to the low fat contents of those grains, supplementary oil may be added to the diet in order to meet the 1.0% linoleic acid requirements (NRC, 1994) .
Soapstock is a by-product of the vegetable oil refining process and is rich in polyunsaturated fatty acids (PUFA). Soapstock is also rich in yellow pigments that could be considered as a substitute for oil in soybean meal-sorghum diets because oils are expensive and compete with human feeding (Blanch et al., 1996) .
This study was performed to determine the effects of corn, sunflower, canola, and soybean soapstocks added to chicks diet at 1.0% PUFA on production performance and the complementary effect of a xanthopyll pigment of natural origin, added to the diets via soapstock, on broiler skin pigmentation.
MATERIALS AND METHODS
The experiment was conducted in two phases.
Phase 1
Three hundred sixty 1-d-old Shaver broiler chicks (half male and half female) were randomly assigned to six Abbreviation Key: PUFA = polyunsaturated fatty acids. 197 3,197 3,200 3,197 3,202 3,199 1 T-1 = diet without pigment; T-2 = diet with marigold pigment (Pixtafil); T-3 = diet with canola soapstock; T-4 = diet with corn soapstock; T-5 = diet with sunflower soapstock; T-6 = diet with soybean soapstock.
dietary treatment groups of 60 birds each, according to a randomized complete block design. Four replicates were assigned to each of six treatments with 15 birds per pen randomized with respect to dietary treatment. Chicks were placed in battery brooders in a poultry house in a tropical climate (mean temperature 29 C) under continuous lighting. Batteries were equipped with hanging feeders and bell-type automatic low-pressure drinkers. Fresh pine shavings were used as litter in floor pens.
Isocaloric starter diets (21.5% crude protein and 3,200 kcal ME/kg) were provided, and at 28 d of age, a finisher diet was available for the last 3 wk. The compositions of both diets are shown in Tables 1 and 2 . Feed and water were provided for consumption ad libitum. Diets contained canola (Treatment 3; T3), corn (T4), sunflower (T5), and soybean (T6) soapstocks added to reach 1.0% PUFA or Pixtafil (T2) with marigold pigment; one diet was without pigment (T1). Chicks were weighed every 7 d, starting from Day 1 posthatch until 7 wk of age.
The productive indices were live body weight at 7 wk of age, weekly feed consumption, and feed conversion. Health and bird mortality were recorded, and a preventive treatment against Newcastle disease was applied. Color changes were measured with a Minolta ChromaMeter 2 after the first week and on the last day of experiment. The instrument was calibrated against a standard yellow reference plate (L* = 84.46, a* = −4.86, and b* = 58.23). Hue and chroma scores were calculated from L* (lightness), a* (redness) and b* (yellowness) readings as follows (Clydesdale, 1993) : hue angle = tan −1 (b/a); chroma = (a 2 + b 2 ) 1/2 . The percentage of pigmentation induced by soapstock diets was calculated. Twenty-four samples of the four soapstocks were analyzed for total xantophyll content according official method 970.64 (AOAC, 1995 
Phase 2
According to the percentage of pigmentation reached in Phase 1, Pixtafil was added to each soapstock diet to equal pigmentation of T2. Color was analyzed with a Minolta Chroma-Meter after the first week (L 0 ,a 0 ,b 0 ) and every week until Day 49 of the experiment.
Statistical Analyses
The experimental treatments were designed according to a randomized block design. The productive indices and changes of color parameters (hue angle and chroma) over time were analyzed by multivariate ANOVA and were subjected to a test of slope comparison with a LStat software run on a PowerPC Macintosh G3 at 300 MHz and developed by the Chemical and Biochemical Engineering Department of Instituto Tecnoló gico de Veracruz. The data were validated with Minitab software (version 10.5).
3 When the effect of time was significant, the means were separated using Tukey's test at a significance of P < 0.05 with the Minitab statistical package.
RESULTS AND DISCUSSION
The total xantophyll concentrations in the soapstocks added to the diets are shown in Table 3 . The xanthophylls mean level (910 ± 106 mg/kg) in soybean soapstock was higher compared to the other soapstocks and could be considered as an important source of this natural pigment.
Soapstock pH could vary from 11 to 12 and must be neutralized. During feed manufacture, soapstock was the last ingredient added, and its presence helped in eliminating dustiness. Soapstock enabled particles to be freeflowing particles and had a lubricating effect that reduced frictional heat during palletizing, which improved adsorption of feed ingredients by broilers. The amount of salt produced during soapstock neutralization with concentrated hydrochloric acid, was taken into consideration in diet balancing as an overdosage of sodium chloride T-1 = diet without pigment; T-2 = diet with marigold pigment (Pixtafil); T-3 = diet with canola soapstock; T-4 = diet with corn soapstock; T-5 = diet with sunflower soapstock; T-6 = diet with soybean soapstock.
could produce an adverse effect on broilers growing and health (NRC, 1994) . The results of productive performance from the first experiment are presented in Table 4 .
Results of multivariate analysis showed that the general responses among treatments of the first experiment were statistically different (P = 0.005) and with time (P = 0.005) as well. The addition of soybean soapstock significantly improved (P = 0.005) live body weight gain of the birds from 1 to 7 wk of age. A live body weight gain of 1,736 g/bird was calculated for broilers fed with the soybean soapstock diet. Feed conversion factor for broilers fed with soybean soapstock diet was significantly higher (P = 0.005), and no negative effect was observed. Waliszewski (1987) reported a live body weight of 1,821 g/bird, a live body weight gain of 1,694 g/bird, and a feed conversion factor of 2.05 in broilers fed with a diet containing soybean oil. This finding was significantly different (P = 0.005) from a live body weight of 1,860 g/bird, a live body weight gain of 1,728 g/bird, and a feed conversion factor of 2.01 in broilers fed with the same diet containing acidulated soybean soapstock. These results are different from Fraga et al. (1988) who reported a live body weight of 1,834 g/bird, a live body weight gain of 1,216 g/bird, and a feed conversion factor of 2.34 for diets containing acidulated sunflower soapstock diluted to 0.95 g/mL at 5% in the diet.
In reference to skin broiler pigmentation, the mean values of hue and chroma scores and percentage of pigmentation reached at the end of the first and second phases of the experiment are presented in Table 5 . Hue and chroma scores reached by the soapstocks were corrected by calculating the difference between hue and chroma scores for the soapstock diets and the scores calcu- lated for the diet without pigment, respectively. The mean values of hue and chroma scores of Pixtafil pigmentation were considered as 100% of pigmentation. The corrected hue and chroma scores for the soapstock diets were expressed as a percentage of the pigmentation reached with Pixtafil. Compared to pigmentation from Pixtafil, the soapstocks added to the diets pigmented the broiler skin at different levels. Among diets containing soapstocks, the soybean soapstock diet produced the highest hue and chroma scores (P = 0.0001 E − 07) and reached the percentage of Pixtafil pigmentation in reference to hue and chroma in the first and second phases. In the second phase of the experiment, significant differences were found among treatments in L*, hue, and chroma scores with the time (P = 2.69 E − 08). These results showed that pronounced color variations occurred between broiler skin pigmentation during the time of production. We found no statistical differences among corn, sunflower, and soybean soapstock diets complemented with Pixtafil Means with no common superscript are significantly different within a column, at 7 wk according to multivariate analysis. 1 T-1 = diet without pigment; T-2 = diet with marigold pigment (Pixtafil); T-3 = diet with canola soapstock; T-4 = diet with corn soapstock; T-5 = diet with sunflower soapstock; T-6 = diet with soybean soapstock. In each phase, means with no common superscript are significantly different within a column according to multivariate analysis. 1 T-1 = diet without pigment; T-2 = diet with marigold pigment (Pixtafil); T-3 = diet with canola soapstock; T-4 = diet with corn soapstock; T-5 = diet with sunflower soapstock; T-6 = diet with soybean soapstock. or Pixtafil treatment at 49 d. Nevertheless, there was a statistical difference between the canola and soybean soapstock diets (P = 0.009) and the canola soapstock diet and Pixtafil treatment (P = 0.04). The canola soapstock diet had the lowest chroma score (17.26) and percentage of pigmentation (72.3%) among treatments. This effect is shown in Figure 1 .
In conclusion, compared to Pixtafil pigmentation, the soapstocks added to the diets caused different levels of pigmentation of broiler skin. Soybean soapstock reached the highest percentage of pigmentation in hue and chroma. The pigments present in soapstock diets, blended with Pixtafil, pigmented the skin broiler as expected when Pixtafil was used alone, with exception of canola soapstock Pixtafil diet. Due to the highest concentration of yellow pigments, acidified soybean soapstock could be recommended as a substitute for vegetable oil as a source of PUFA and xantophyll pigment in broiler feeding.
